Silica aerogels are light weight, nanostructured, and highly porous materials with an open pore structure. Due to their excellent characteristics, such as extremely low thermal conductivity, low density and high porosity, the silica aerogels become promising potential adsorbents, catalysts, thermal insulation, and acoustic absorption materials for environmental purposes. This paper presents the synthesis of a highly flexible polymer modified silica aerogel with the use of a cellulose-methyltriethoxysilane (MTES) precursor in a two-step acid-base catalyzed sol-gel process. The physical properties of the resulting aerogels were characterized by thermogravimetry, scanning electron microscopy, nitrogen adsorption-desorption, contact angle, thermal conductivity measurements, compression testing and Fourier transform infrared spectroscopy. The fabricated aerogel exhibited high flexibility with a Young's modulus of compression of 0.33 MPa and the density of 0.132 g/cm 3 . They were hydrophobic in nature and had low thermal conductivity. Preparation of aerogel with solid waste (fly ash/bottom ash) is also discussed. The preliminary results showed that the materials have great potential for environmental application, i.e. enhancement of solid waste recycling rate by converting waste to high value-added materials, super thermal and acoustic insulation materials in green building and removal of oil spilled into surface drainage.
Introduction
Aerogels are the world's lightest solid materials and have the lowest thermal conductivity of solid. As a result of their unique properties, aerogels are being considered for applications as thermal and sound insulation of structural elements in buildings, oil absorbers and catalysts [1] [2] [3] .
Silica aerogel is commonly synthesized by either water glass or alkoxides. Samuel Kistler produced the first aerogel by water glass [4] , whereas the alkoxides approach is currently more popular because it requires fewer solvent exchanges [5] . The process of aerogel includes two steps: formation of lyogel by water glass or alkoxide and drying (replacement of solvent by air). During the drying process, shrinkage of the gel caused by capillary force in gel pores will lead to a collapse and thereby a failure of aerogel formation [6] . Shrinkage can be eliminated by either supercritical drying or drying at ambient pressure after modification of gel surface [7] . Currently, there are at least four routes to produce aerogels via different gel formations and drying processes. 1) Water glass aerogels by supercritical drying. Samuel Kistler [4] and G.
Herrmann [8] explored this approach.
2) Water glass aerogels by ambient pressure drying [9] [10] [11] .
3) Alkoxysilane aerogels by supercritical drying [12] [13]. 4) Alkoxysilane aerogels by ambient pressure drying [14] [15] [16] .
High cost of aerogel production on large scale and the fragility of aerogel have limited its practical applications and commercialization. The high cost of production lies in expensive silica sources, cumbersome solvent exchange process and high energy cost.
In order to reduce the cost of fabrication and realize the commercial production of silica aerogels, green and cheap silica sources are very necessary. Fly ash and bottom ash are industrial wastes released by factories and thermal power plants, which consist of high content of silica. If these wastes could be converted into highly valuable silica aerogels, the environmental pollution problem caused by a stack of fly/bottom ash will be reduced greatly [17] . Horticultural waste (e.g. waste leaves) could be another silica sources with 13% -48% of silica content [18] [19] [20] .
Much research has been focused on improving the flexibility and mechanical strength of aerogel. Since aerogel is made up of a network of nano-structured silica chain, its flexibility can be synthetically altered with modification to this network-cross-linking of the silica with organic additives such as cellulose [21] , isocyanate [22] [23] [24] , methyltriethoxysilane (MTES) [25] , and methyltrimethoxysilane (MTMS) [26] have been demonstrated to be effective in enhancing the aerogel's physical properties. Furthermore cellulose, the most abundant organic polymer, may prove to be the key to achieving low-cost aerogel.
This study aims to develop a low cost and high performance aerogel. The paper reported the use of a cellulose-MTES precursor to fabricate hydrophobic aerogel with enhanced physical and thermal insulating properties. Moreover, the study also explored the research on making aerogel from fly ash and bottom ash.
An innovative low cost process was developed to prepare ash-based-aerogel. By 
Aerogels from Fly Ash and Bottom Ash
Woodchip and coal fly ash/bottom ash samples were received from Sembcorp Industries. The water glass solution was produced by 4 steps. Firstly, the fly ash and bottom ash were leached with HCl to remove the metal element, e.g. Fe. Secondly, the solution would be removed by filtering the mixture. Thirdly, NaOH solution reacts with the fly ash and bottom ash to extract the Si. Finally, the water glass solution was obtained by filtering out the fly ash and bottom ash. The synthesis of aerogels was started with the gelation of water glass under different pH values by using different modes. The hydrogels have to be soaked in DI water to remove salts. DI water was replaced after every 4 hours. The salt-free gels were then aged in absolute ethanol for 24 hours before being left in the solvent mixers of ethanol, hexane and TCMS with a volume ratio of 1:1:1 for 24 hours to reduce the shrinkage and make the alcogel silylated. Finally, the silylated gels will be dried under ambient pressure ( Figure 1 and Figure 2 ).
Large size aerogel blanket with glass fiber was prepared by ash based aerogel.
The hydrogels were poured onto 3 layers of glass fiber cottons with the pH value 
Characterization
The morphology of the aerogel samples was investigated using a field-emission scanning electron microscopy (FE-SEM, JSM-7001F, JEOL, Japan). The samples Tole- do, Switzerland) to study the thermal stability of the aerogels. The specimen was heated from room temperature to 900˚C at a rate of 10˚C/min in argon. The structure of the complexes in aerogel composite was studied using a Fourier transform infrared spectrophotometer (FTIR, IRAffinity-1S, Shimadzu, Japan).
The compressive test was carried out on a Universal tester (AGS-X, Shimadzu, Japan) to investigate the compressive moduli of the aerogels. During the test, the specimen was under a loading at a rate of 1 mm/min.
Results and Discussion
Addition of cellulose was found to enhance the flexibility of aerogel as well as the mechanical strength. Furthermore, based on the pore size distribution ( Figure 5(c) ), the pore sizes within the aerogel range from 3 to 30 nm. Notably, it can be observed that addition of a very small concentration of cellulose results in the formation of many small pores. However, the pores did not only reduce but also become smaller when the concentration of cellulose was increased to 1.68 wt%. As such, aside from improving the physical property, addition of cellulose is demonstrated to play the pivotal role of controlling the porosity of the cellulose-MTES aerogel.
And this manoeuvrability can prove to be very useful to controlling the thermal insulating property of aerogel.
Since the correlation between the density of the nanostructure of the aerogel and the solid thermal conductivity has been well established [5] [29] , increasing the cellulose concentration to above 0.9 wt% will thus increase the net thermal conductivity considering the preponderance of the solid thermal conductivity to the net thermal conductivity at ambient temperature. Thus the concentration of cellulose has to be fixed at below 0.9 wt% to prevent any significant reduction in porosity that may degrade the thermal insulating property of the aerogel.
Aside from the addition of cellulose, other compounds used in the fabricating process may also have significant effects on the properties of aerogel. As such, leads to the decrement of the concentration of MTES, and thus gives rise to larger volume and lower density (Figure 7) . However, at molar ratios above 3.6, the rate of polycondensation becomes undesirably fast, leaving behind −OH bonds after gelation which undergo dehydration polymerization [14] during the aging and drying process. As such, this leads to a higher contraction percentage that explains the observed smaller volume and higher density.
The importance of the aerogel's flexibility to its application in building structures stems from the need for aerogel to be capable of assimilating the different Figure 6 . Characterization of the elasticity of aerogel samples with varying molar ratios of MeOH/MTES. A test sample with molar ratio of 10 (not included in the figure) has a comparatively large Young's modulus that classifies it to be not flexible. Hence, having aerogel that can be bent or moulded to varying shapes will be valuable to its success in the commercial market. The mechanical strength and flexibility of aerogel samples synthesized from the optimized parameters were demonstrated by simply applying pressure to it (Figure 8 ). And this enhanced mechanical strength and flexibility can be attributed to the increased porosity of the aerogel caused by the enhanced regularity of spaces and improved connectivity and uniformity of the nanostructure for aerogel samples with cellulose added observed from the high resolution images captured by the Scanning Electron Microscope (SEM) shown in Figure 9 (a) and Figure 9 (b). And this observation is consistent with the estimated pore distribution illustrated in Figure   5 (c). This is in sharp contrast to the captured SEM images for the aerogel sample without cellulose added where the nanostructure and spaces were observed to be highly non-uniform in size and distribution ( Figure 9(c) ).
As the biggest selling point of aerogel as material for green building is its low thermal conductivity, introduction of cellulose not only enhances the aerogel's flexibility but more importantly reduces its thermal conductivity as well. Given the prevalence of sensors and algorithms in household appliances, lower thermal conductivity will reduce the electricity used both for cooling and warming the interiors of the building during summer and winter seasons respectively. This reduced thermal conductivity can be similarly attributed to the effect of enhanced network with uniformly distributed spaces introduced by the cellulose content. However, the correlation observed between the flexibility and the thermal conductivity of the cellulose-based aerogel as illustrated in Figure 10 corroborates with earlier report that thermal conductivity at room temperature does not depend solely on the density of the nanostructure but can be artificially controlled through other means [30] .
Another important property of aerogel is its thermal stability that renders it useful for high temperature applications. Being incombustible makes aerogel a natural shield against fire that can be used as a natural barrier for first-hand quarantine or isolation of the fire in the event of a fire outbreak. As such, practical integration of aerogel into the building structures is an extremely attractive fire counter-measure for both residential and commercial buildings. However, the cellulose/MTES-based aerogel fabricated exhibited poorer thermal stability as compared to one without as illustrated by the thermogravimetric analysis in Figure 11 . Notably, at temperatures beyond 800˚C, the sample with 0.9 wt% of Hence, lower concentration of cellulose is favoured for aerogel applications under high temperature.
Conclusions
MeOH-MTES-based aerogels, the effect of cellulose on the density of the aerogel was found to be negligible so long as the weight percentage (wt%) is smaller or equal than 0.9%. Additionally, the aerogel fabricated was found to be not only more flexible but also less thermally conductive, thus demonstrating that optimizing both properties simultaneously is feasible by enhancing the porosity while strengthening the nanostructure. Such superior properties are attainable with the addition of 0.9 wt% of cellulose/MTES after the concentrations of methanol, oxalic acid and ammonia catalysts have been optimized for aerogel synthesis. As such, aside from having lightweight and incombustible properties, hydrophobic aerogel shows promise for applications in Green Building Materials where it is able to provide multiple functionalities for enhancing both sustainability and energy efficiency. Ashes based aerogel and large size aerogel blanket were successfully prepared and exhibited low thermal conductivity and excellent noise insulation property.
The aerogel can be further developed into different forms which enable the implementation of environmental protection. Fourier transform infrared spectroscopy (FTIR) Transmission spectra of aerogel sample without cellulose (black) and with 0.11 wt% cellulose (blue). The 3 circles highlight the spectral difference that is attributed to the cellulose presence.
1) Aerogel films
Transparent super hydrophobic silica aerogel film will be deposited on the glass substrate by using spin coating, dip coating, spray coating and screen printing methods. Finally, the solvent will be removed by using ambient pressure drying. The films can be used on windows as thermal and acoustic insulators.
2) Aerogel granulate/powder Granular/powder silica aerogels will be coated with a hydrophilic layer to achieve better workability and binding with paint, cement and mineral materials in the plaster and rendering system [31] . The hydrophilic coating including TiO 2 coating, Al 2 O 3 coating, polymer coating and so on. The coated aerogel will then be used as additive to prepare paint, plaster and rendering system.
3) Aerogel blanket
The application of the aerogel blanket will be in insulation of walls, roofs, doors and floors. The mechanical strong and flexible aerogel blanket can also be used in membrane filtration system to remove oil from wastewater.
